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1 This Invention relate* to the manufacture of hydrated 




z 


calcium fliilcatea, and mor* particularity -to ttie manufacture- 




3 


of hydrated oalcluen silicate 9- by a continuous flow process. 




A 

ft 


lln ^JifJ. E^L .LUll LLL lijf U.JL 41 UDU uttrJ. L;J.UJ|l «>Allf9uw LPJp blU? 


a! 


5 


iX7\iFO*neriCTft.L reaction ex 4riiw aiu viw xjuueLy uiviQwa reactivv 






silica has been hereto! ore proposed* for example ^ uniteq 




7 


StAtd-d Letters Patent HQ* ijJr^jJ^j tD keivert eyemJJUTlae 






a typical to dp o thermal manufaotuyinf; procedure consist ing of 




a? 


a batch-type reaction Including the stepe of charging a 






react low vessel with a slurry of finely divided lime attd 






siliceous material i such a* qiattimaceous ss-lioaj aua xnan. 


'* 


Hi 


heatings the-' tftstdviel to reaction tginpGr&liures of the colder of 




i a 
15? 


212* F. Jklgher if a pressure vessel le empiofy^d', for a tiae 




14 


dufflclant to effect eaiuj)leUJw?a of ttta r^aoticn* -Typical 




lti 


products resulting from this type &f reaction are a tXn&ky 




J* 


divided particulate or gramlar r«r&u6 mafjcrlal having a 




17 


.fluffed balk density ^ to 7 lbs. per cut. ft«» vlth the 'bulk 




lfl 


density decreasing with higher reaction tempOTatu?*?* the 




19 


wt cftkR deueity of such dried parti otilat* hydrated calcium 


£0 


silicates varies froa 9 to lift?* per ou* ft* The** product* 




£1 


also have very high absorbent properties t e.g*, tt^lr water 




E£ 


absorption as laeasuTed by a Gardner*^ olesoan te«t ncraally 




53 


consists «f about 37558 tc as high.. as 70bj£,' vlth ftb^orptivs 




3d 


eapacitios ifvordaslin^ ifith increased react lm taoperatxires^ 




H5 


^tiese tilghly absorbeiLti low bulk detieltj oaloiw 513-ieatea 




SO 


are useful as a carrier for insecticide* or other tlquid 




£7 


<jlb£j)Llcal4 and aa a bulking agent for dry powder formulations, 


i 


£8 


amon^ other applications- 




S9 


j>y4XVDe waO TOTdre>v9al Oajl-Q^-u£u silxcauDB l i^iiiitxu liwi vpip 




30 


I patch process t however, have not been found suitable for some- 




31 


[ Uses whore it Is required that the product fae (1) of such. 




as 


; structure and, sis© that it is a very f*e ^flowing powder, and 




w 


j (2) of heavier buU* density than ttoa batch process prwitict 
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and yet have good absorbent characteristic*. Itydiated cal- 
cic silicate powers jpaf educed try a batch process ha,v& not 
been suitable for use aa a carrier in so&e Insecticide, f crrou-* 
l&tioas dua to their bulk, ■ This 1& particularly true is M.£ h 
concentrate *?et table powders prepared for overseas shipment 

where freight rates are based on cubage. 

Another application tor « absorbent material la a *UUi> 
.for containers in vbloh axe rtuud, normally under preasare, 
X4.qU4.cI petroleum product a, ajieh aa low*-b oiling Lirydro«arbonc» 
It is apparent that for such service agitable fillers «ust 
have a high bulk density and a^ood degree of ..absorbency par 
unit volume of iKAterlal, to enable substantial amount b of 
absorbent and, hence, p£ liquid to be pacJcagefl in the contain* • 
«r. Aleo» the absorbent should have a structure which mates 
it finely f lovable In order that the container i&ay be easily 
filled. Hydrated oaloium silicates prepared by the batch 
'tfiaotiwi product as described ty Caiveri' have not been fully 
suitable aa a filler for such an application due to their 
relative^ iw bulh density ^ inad squats flcwability. 

It is a principal object of this in vent Icq to previa* an 
itoproved ht^ro thermal method of manufacturing, discrete hydra- 
ted calcium silicate* of increased bulls density. 

It is a further object of this invention to previa a a 

Aft t hod of hydro thermally progerias* particulate hydrated cal- 
cium silicates with a substantially unifartt and large fcarticl^ 
structure rendering them freely f lowable and haodleahle., 

It is a at ill further object of thi* invention to pro- 
vide a i&eane of controlling or increasing bulk density, regti<-> 
lating the particle sice and absorption capacity &f hydro- 
thermally prepared, particulate grated calcium silicates. 

I base and other object* and advantages of the invention 
vlll becw&o apparent when consideration la given to the here-* 
inafter detailed description thereof, taken fcogetter with 
the accompany ins. drawings wherein; 



http://patentsUc.gcxa/fc^ 3/18/03 



00601124dis.afpPage3 



Page 2 of 3 



SB . 



3 - 



601124 









*:?■ ■; 


■; * 


• 1 






e 


1: . 




s 


I 'i ' 




4 


I'' 




5 






S 






7 






$ 






•9 






10 












ia 






is 

*.CJ 






14 






16 












17' 






IB 






1? 






£0 






gl 






S3 






S3 






24 






S3 






2$ 






87 






es 






£9 






30 






SI 






38 









B\t$, 1 is a schematic flow (Uagram of tfio preferred pro- 
cedure for mamtfftcturJn^ hydra ted caJ.cJ.ueq silicates in 
accordance with tnls invention; 

Figs* 3, add 6 are photomicrograph* (5O0X) of titrated 
calciuju silica tea ranted In a batch-type react! on | and 

Fl^a* 2, 5 and 7 are photomicrographs of hydrated 

oalciun silicates formed in accordance with thie Invention. 

In tfc*a development of procadseg Involving chemical 
reactions* it ia normal* practice ' to «tu4y the reaction In a 
small batch-type reactor - Data, stfe-h a© the relation of 
©stent of conversion,- type of proauct, etc*, to the reaction 
conditions such as tim-o, temperature t prasaure, etc.} are 
anally obtained from these studios. Although. It is entirely 
feasible to carry out these saws reactions" on a large scale 
uelh$ a batch reaction, it i* often desirable to go to con- 
tinual^ processes due to the need for less equipment Tor 1 
operation and generally lower jaannafaoturlns coats- I ha 
reiatienship between product characteristics, percentage con- 
version, etc*,, obtained by batch, reaction and continuous 
reaction, in a series of vessel*) has bean de scribed la the 
literature (e.gr, ifoelfullin, R, B, f and Weber, K», ^r*, Cfoem* 
ft Wet- Engr, S Wo- 5, 101 (l9W» and Voter, A-P., Cheou 
Engr.. Pro^re**^l±2j 26 (1953)) > and is a genarally accepted 
ohamioal engineering principle » It i* standard practice to 
deaifln a continuous How precaes from batch reaction data 
with the expectation of obtaining products with substantially 
identical characteristics if similar reaction conditions are 
used, and e, plurality of react or a are connected in series* 
2 ha more reactor* that are connected in series, the wore 
nearly ths percentage cenveralon approaches that obtained in 
a batch prooesa. For example* with three reactors emplo^ei^ 
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about 9$ percent con version can bo expected^ aw infinite* 
IWUiher Of reactors woUl<?. be nacfiRBary for 100 parc&nt C«Cl" 
version. 

Ihls invention indicates that this fcno™ principle of 
cVwmical eflginoeritlg ddos not apply Ui the manufacture of 
hydro thermal calcium sillcatea* St has fceefi jfound that t he- 
hydro thermal reaction of lima and finely divided reactive 
silica in ac-cojcd&itce with this Invention results in a product 
having a high "bulK density, & free-flowing rounded particle 
shape and structure and yet relatively good absorb exit 
chsrB(?t«rist i c s . 

Ths products of tlits invention, axe fmrn&d T*y a procedure 
■vfhorejin limo and allies arc Ted continuously to one op anore 
Reaction vesaeis in aerie and tihe hydrated balciufcu silicate 
reaction product continuously t amoved at a rate* equivalent 
to .the rata of feed of to* reaetanta- Preferably, at leaHfc ^ 

reactor* In series tre. employed to iftUUfa eoflplefce. 
reaction, butt it is possible to obtain the product of thia 
invention .u^ing only one reactor on a cDdtioUcai- 1 ? basis * 

Finely dividad liras and finely divided r«J active sili- 
ceous arterial* such as diatomae<*PU£ earth, quartz., etc*, ars 
employed as stertirtg materials* Preferably j finely divided 
hydrztted lima and diatomaceous silica are einpXoyed. the 
hy4rated calcium silicate of this Invention *oay be formed 
empl^iiiE these starting nsafcerials in a CaO/fJiOj? w>l ratio 
Hi thin the range of 0.1 to 2,0. As the initial at*? of the 
ppooessj the finely divided lime- aurt reactive" silica we 
eu&pendcd, in at least sufficient vater to for« a pitt*pa,ble 
fclnrpy, and, preferably, the slurry which the taction ig 
to take place is formed uith a water-to-aoHda ratio of about 
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4 to J?G parte of vater par part of ebLids, Tfca Uroe and 
silica may be suspended together to forie & common slurry, or 
can t>6 suspended Individually to form separate slurries 
thereof- In the formation erf the sitarry pot slurries, ae the 
oe.se nay be, it least euffic lent yator 1$ employed to render 
the consistency of the slurry fluid enough to enable it to to* 
jumped ti> the reaction veesel* Pjf&f&raUjy,. aueh slurry ocn-« 
centratians will range between 1/g to 2 iba* of solide per 
gallon of water i 

in accm^Lancs with this invent t on , ttoa slurry of lim* 
and reactive eiiica In the reaction vessel is heated to a 
tensor atur* of at least apprejetmatiaiy 212* F* la or*ar to 
effect the Paired react ion.. When an autoclave is employed 
a;s the pressure vessel, the upper temperature for reaction 
ig United only by the presaure capable of being aai&talned 
in the autoclave ajrtd the critical point ot water* Tempera- 
tures vithin the rang« of approximately 212"7. to ?00*F* are 
normalXy employed* I be CaO/SlOg dlqI ratio, the reaction 
temperature ? and the reaction time, all have an affect oji 
the type of calcium silicate forced in the reaction* If the 
aeafttlon temperature le beloy about 3fiO*JP* a Doapound commonl^ 
known as calcium a Hi cats hydrate I (Taylor, jfj , fl^iy .Ba&. 
170 (1953)) ic formed over the entire range of the C^D/SiQ^ 
mol ratio- (0.1 to 2.0)* At tamper atures of about 212 P F. this 
reaction, on a contlrooua basis, he* been found to be comple t* 
la approximately 20 minutee. Xf the reaction temperature 
I* above 3/60*7. and the CaO/SlO^ nol ratio le 0.1 to 0.6, 
calcium silicate hydrate I will be farmed first, end then 
will be partially or cfltsapletelj: converted to a low 

aoltatfLlty hydra ted calcium silicate, bavin* the formula 
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2ua0, 38102 with appro jrim&tely 2 luolu of wator and an X-ray 
diffraction pattern having very strong linos d* 3*12$ and 
d - 4«12fi Slid a jflsdittoi line at d " A substantially 

complete conversion to is obtained in about 2 hours 

tf a CaO/aiO^ moi ratio of 0-5 to 0*6 is uued and the re- 
action iGmperature is 450 P P. If the Ca0/Si02 Dial ratio is 
0«B to 1*5 and this reaction tttfiparattfte ip Xxi oxcosb of about 
360°^^ calcium silicate hydrate. I first fotns* ami then this 

partially or completely traneforajBd to XonaUltGi A 
substantially complete conversion to Xonotlitg can bo obtain- 
ed in about 3 hours if a CaO/Si.O^ mol ratio o£ 1,0 is us oil 
aurt the reaction temperature la 450°F. It has been found 
that reaction timoa longer than these necessary to complete 
the reaction have no detrimental effect upon the physical 
character! sties of the product, although it may result in ■ 
coftvarting qalqivm silicate hydrate I to or to.Xonot- 

liteu 

Example. I 

Ttws foil owing is a typical example of this invention. 
For clarity, reference Is made In thia example to the ache- 
TaatiG flo* sheet illustrated in 1* A slurry of silloa 
wan prepared by mixing 50 lb* of finely ground diatojnaceoTJ& 
sarth in 100 gallon^ of water in a suitable container 10* A 
Blurry of .hydrat&d lime was prepared by nixing 200 lb* of 
hydra ted lime in 100 gallons of water in another suitable 
container ±2* These two slurries Kara pumped separately into 
the first roactor 30 by deans of suitable transport lin&a 
14 and 16 j respectively, and pumps IS and 20, re ;>p&c timely* 
The silica slurry Has pumped at a rate of about 420 gj&m and 
the lime slurry at a rate of about TO gpou This Tfas calcul* 
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^ ated to gXYQ a CsO/SlO^ nol .ratio of about 0>6. silica 
B slurry va$ heated to about 350°F- by passim^ ±t -ijivciu^h a 
a eonvsn Hoiuil hfcat oxchsngar 20 > The 'HEte slurry Mas added to 
4 th& rear tor 30 *it roofr trsroperatvire. Both tlm sill.r.s ouid the 
Q lima a lurry vora pimped fca the reactor systom continuously, 
B !| Tho reautor systam conaist&d of twt* agitated. autociltLyoa 30 
ana -32 connected ^ series, by means of transport line 34, 
each havtug a capacity of approxiniBtaly &50 z*Maxts and. 
OQuippod with suitable agitators 31 and 33, respectively- 
The offoot±T6 relation time in the factor* vaa 1.7 to. The 
reaction temperature therein vas maintained at about 300 °F* 
Tinus reacted product vas continuously di ft charged front tho 
second reactor 32 through a hfcat sxehsngor cooler 36 and a 
pressure reffuclug valve 38* After filtering, drying* and 
grinding in a conventional maimer, the product had tha follow- 
•tng properties; • 

Bulk Density ... v .12*£..lb r /cu . ft . 

Gardner-ColsmarLffatsr Absorption 370 lb*/lO0 lbs. 4°^-. 
Iho pcroduct vas identified by X~rey diffraction to be calcium 
ailicate iiydrafce 1. : : ,v * 
Bxaamola Ii! 

*he follcrwing ia a topical example of this invention 
when the reaction canraitlcuis are such thsiL is formed, 

The f sad slurry was prepared by wvlxing finely ground dla- 
tojiaaoeous" earth and hyrtratcd lima using the following propor- 
tions t 

510 pounds of diatomic ecus earth, 
290 pounds of hydra ted .litae, and 
500 gallons of vatar. 
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The reaction system consisted of two agitated, autoclaves 
each having a working capacity of 3 75 gallons - Fsed slurry 
vaa continuously pumped into the first autoclave at & rat« of 
53 gallons* p*?r hour- J3te«un. tfas adrtedl to tho fir si: autotaaye 
at a rato sftifflcl^hi; to Heap tho Blurry in the first auto- 
clave at a teia&persiture of *450°F- Reacted slurry was continu- 
ously removed from the s&cond auto&lave through a vat ar- 
ts ool Ed heat exchanger and a pressure reducing v£Xye at such a 
rate that the amount of fluid In the auto clave a remained con- 
st ant* After flitting, drying and grinding in a v conventional 
maimer j, tho product had .the following prAperticiss 

Bulk Density ' 2.Q lbs,/™** ft* 

fiarener-Coleman 17a ter Absorption lifi par cent 
2he product was idantlflad by X-ray diffraction to be CS-:55* 
Egample. Ill 

Vhj? . following ia a typical example of this invention 

fcheri the. Taction conditions arerSrieh f-Konotlite is 

formed* The feed slurry was prepared by Mixing finely ground 

.'tiie^Daaceous earth and hydrafced lime using the following prcr^ 

.•jiopti'qna^ . ■ ■ . 

130 pounds of dt atomic: eoUs earth, 

223 pounds of hydratea XOBtej and 

500 gallons of water,,. 
The reaction eye tern consisted of two agitated autocla-res 

each having a, wording gapaoity ojf- gallons. Fa&d alurry 

was continuously pumped into the first autoclave- at a rato of 

53 gallons per^'hour* Bfcsajn uaa a4de4 tfl the first autoslava 

at a rate sufficient to keep the alurry in the first' awtoea&vc 

at 450 °F« Reached alurry wag continuous y wnwvefl frtfii Htoe 

second autoclave through a water-cooled heat 07..changar and a 



■: .v.- ..■.«■■":*■ ^ •■ *./ •■ . . ... IV. 
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pressure reducing valtrc at such a rata that tHe ai&ount of the 
fluid in -the autoclaves remained constant* Aft or filtering, 
dryiutf ami grlsidicig in a eojiveiifcloaal mariner, tbe product 
had the follovin|| proportias; . 

Julie Density 11 Ib./eu. ft- 

Gsirdtter^COleman Water Absorption 300 pe:r cent 
The proiiuet vas id elites "by x-tf&y diffraction to be Xonot- 
.lit* 

' It id to be appro eiated that ttia equipment and proced- 
ural ste^s outlined la Examples I> II, and IZI are exemplary 
and the "Invention degmribocl herein Is not limits thereto* 
It ia also to be appreciated that ths use of hsat exttfiaagerg 
.as indicated ic not essential to tha described process, but 
renders the preferred embodiment of the invent icm more econ- 
omical* Sh» use of direct steam heating as described in 
Example & II and III can b& used to sive the tiGEflrad result *. 
FurthGr, it 1b to be appreciated that a ay suitable means for 
jBaintaixiing the slurries* under going i'e action at are action 
temperatures msy be employed, and any auitabie apparatus for 
transporting the materials to tho reaction chamber and 
removing 'themi tj&erofroHL may bo used. Bo far &a tha reaction 
chambers themselves are ctmcemed, any suitable veasfcl atid 
* 5 j- suit able means of agitation, may be employ &d, and as Indicated 
ftereixkabove, any suitable numbers thereof can lie u&od* 

' As indicated above, the products of this invention may 
be formed at varying reaction temperatures and with varying 
mol ratios of lima and fUtyj. .All of the reaction products of 
this invention hovover, indicate a distinction from a batch' 
^ type reaction protfuct formed under the-&zw conditions. 
3& ^hiff ip clearly illustrated in labia X which ahowa the 
31 

5? 
5& 
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typical differences. JL^ the "batch au6 contlnuoua proceed 
reaction produoto formed with -v&x-iotiH reaction temperatures 
and Tqol ratios of lima ana silica. In <v*ch urbp hydrated 
lirac ana finely dJvided dlatamacooun &a*th were reacted 
u^ins similar reaction conditions temperature, 
reaction time, slurry concentration), ejioejit for tho indicat- 
ed deviations* 

The dTy flQvabi.li.ty of the powder was d&terjBined by 
mdaflUi»lng thB tlma fos? a given volurts o.f the dry powl&r to 
flow out of a vibrating funnel* Yolume was uaad as a basis 
of "xgeasuremcut, rather than weight bocaaao of tha widii vari- 
ation in bulk tensity of the products* If the me a.sur omenta 
-were fiiade on £ weight baa la, the continuous flow pcroc^g 
product vould show an even graatei* relative flovabllltjr. 
ThciRlAies- siven in Table I are relative values, The dTy flow 
ojf tne'^atch-reacted. proeuot Hade &t rcalng & Ca0/Bl0 2 

"itol'rbtiV oi' 0 : *5 haW arbitrarily bMn'aa signed.. a flcwnuiabe* 
of "ioo", A flov number of 2Q0 then indicates that tho 
jpovdar f lovad from- the funnel iti ona-half the time required 
for that of the. product having a flow mjmeber etf IdO- 
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tfattar .X-ray 
Aba o rpt ioji Dry T>i f f r a c fci on-, 
gm/100 Flto/a-Ident.tf L- 

Solids blllty cation 



270 
260 1 
260 

5C0 
300 
500 



107 
100 



CSH-I 
CSH-1 
CBH-I 
C3H-J( 
CBH-l 
C6H-T 
CS-55 

ca-3» 

76 XonotlH;* 
52 XowatlH;e 



100 
56 



■ : r s?hs nov^l prpau^a oftbl^-.lW^iaoa as w ±iidlc&t^ herein- 
■b^icre sre^easantially "characterised by fchete "balte density ■ 
i^5|vlr l ' ' ti ^'* i3 * ■ appar c&ttniat ely ■. g -' and itiifite-i/pu • ft ■ / .-.and 
^X^'C^vVer^bole!^ MBorpUaiL'(8^0)iifcLl«h preferably ranges 
^fNfeeii.i&J- and 40o*Ab5./i00-lb8 fc soiida. l!hs products of 
.fche ircraitiom are also character! sa<i by their uamnosilte C&G/ 
BM^nai j?at4. g iiefcTOen apprbttttAtely 0.1 and 2*0 to 1, their 
high dry flovroblllty vhirii is belitefed to be due to the g&ner- 
ally rounded p&rticla flliajV * Such product character! stica 
tiaw not bean fceretojfore' found In hydrated oalcium silicates 
fantetf by pi'Ocodig£ea described In the prior art. 

A comparison *>f the physical appearances and character- 
istics- of a batch-reacted hydTated calcium silicate of the 
ty£e de a crib ad in the. pxior artj and a continuous roasted 
product of ttie. type defined to this application,- nay be rada 
byaeferenfce to Jftsa- 2 andV£ # 1 is a photomicrograph of 
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a hy abated calcium sill cat o foowd by & tmfcch-typa daacrlbod : 
in the afore-sofimtioned patent to CalTre-rtp Fig* 2 is ft pfroto-j 
nlcrfi^raplx of a hydratod calciura sulcata m^ttufatturfld on a 
continuous basis in accordance v±th the te aching of this 
invention. Fig. 4 Is a photoElcifDgr&ph a by drat ed calcium! 
silicate raanufacturod by a batch-pro teas using reaction condi- 
tions such that nas forced* Fig. 5 ia a photomicro- 
graph of a hydrate! calcium silicate ttattfifaetured usin,E stifii- 
lar processing conditions exeunt a continuous process was 
used i Process conditions are aci de scribed In JSxsmplc II » 
Fig* 6 is a pfrcvtouticvnfcraph of a hydr^ted calciuiB silicate 
manuf a oiur ed by a babch^z , oo65& using reaction condition* 
■sftch that Xonotlite wag forjened- Pig, V is a photomicrograph 
of a hydrated calcium silicate manufactured using similar 
proc&ssing conditions except a, continuous process iras uaed. 
Process conditions ar4. as dBscribed in Bxanple IIT^ Mare 
cut gory &?:BBixifltion of thosb photflHdcrograpHs imunediately 
dls.clqs&a *Jhe. a br iking differ ence of the shape and particle v 
sifce. characteristics of tha mate*4,alF prepared by batchy and ■ 
by .continuous prooossine^ 3?hA products o£ this invention 
may - Ire ?*een to have a generally roundtid particle structure 
which gives thetn the desirable ^haractoriutic of fraa flov- 
ebility B The photomicrographs also illustrate the advanta- 
geuttg. characteristic of substantial lade of extreme fines in 
fc&a ^±-uduct of this taventiDxi, 

A typical ttAaaple of -tb^ application of this invention 
is in the conditioning of com^roial ins^cticrida dusts. ¥he 
product manufactured using the proems a as a escribed in E^ajHple 
I can bQ addsd in aaall amounts to the cone antra te. in order 
to improvs Its dry flovabillfcy. For exainple* 3# of the pro- 
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duct produced ustne reacting oonditiona d«Hcrlb<&d in Example 
T wai^ added, to a Coiraiareial 40$ ChXoTfj&ne prnfiSfci-,, & typp of 
d.ntfti(iticid£? descried ±n V* £U Pat&nt tfo. 2,519,190 ana 
i Tiaoct Contro l bx ChRMLcalH. by Brown; Wilay l»ub. , 19^1* Th& 
flowafctllty of the .finished dust v&s approved 20$ by the 
addition o£ 3# of the very fres-flotfLng povder* Similarly 
the products described in this invention can be added to 
other powders to improve theA* iflottatiility » 

It is to t>o appreciated that the products of this 
invention ha,ve utility for other us<s& than thoe* described* 
Top eotam^Lfc, the* product has been found useful as an insecti- 
cide carrier j a tatalyal carrier, and an wvta-cafciins agent 
for deliquioacaut salts* 
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ettJEELflMBIW ARY DISCLOSURE 

Whereas the principal disclosure concern* a continuous 
flow sroce-as for the manufacture of hydrated fcs.lcitim sili- 
cates of high bulk density and gco$ abeorfoency, and prgducts 
thereof 9 subsequent invaetigation* have extended the acose 
and/ or resulted in frh* dJUc every of a new and inseparable 
phase or jmodinoatlon of the iu&reinbefora cUe clewed inventle£ 
as well aa providing improved and additional unexpected 
.bonefi^lal remits- 

■As pointed out hereinbefore JiighXy absorbent, bulity 
hydratod palcJuiu siLicates are not suitable f or certain 
applications wherein it le desirable to utilise a tartfe- 
t^rinsily prepared liydrated calcium silicate out a prodact 
with * relatively low absorption capacity and high bulk 
density., for example, hydrcthsrnsally prepared hydrate* 
faltfiutt' silleat.es are' highly effective as dry. cleaning aw»*t- 

; pt*V04*trlng build ujp of tit** fatty acldi v ttf d!r^. c-^anlnj: 
'solvents. Such hydrated. calcium allocate products may bo 
added as a pro 0 oat. to tho dry cleaner 1 a filter and the aoi- 
. Vent p&seed through the precoat vhere they can be added to 
tha washer and removed at the filter along with the soil* 
However, a dry cleaner 1 ! filter has a limited c 4 k* capacity 

and'vhen the filter cake, aoctwailate* to the jpoi&t vt filling 
/•the- filter chamber It la neoesaary to stop the operation and 
reinove the cake from the filter* Although calcium 3lilo&te 
.^educta fjfcepared according to'tbo teaching of United State* 
prttexe Patent Ue# 1,5?*S36G to Calvert, are art effective dry 
cleaning sweetener insofar a» a,cid control , it ha* the dls« 
advantage of rapidly filling the dry cleaner's filter due- to 
It e low oato density. Hence., a hydrated, hydro thermally 
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prepared, high density calcium silicate having tho «aute 
"acid -sorption" per pound would po desirable and advantage" 
one in thi-B particular exemplary appLiaatlon as wall a* 
numerous others* 

This supplementary portion of the dfealosure accordingly 
la directed to a more stalled and specific consideration 
of the previously disclosed invention of ^eireta! ^ specific 
:plUtQ35 or modifications thereof » According to additional 
investigation* relating to this invent ion > -a material and 
'beneficial bulk density increase and reduction in -absorption* 
anong &ther ad vantage a, can be achieved, in h^drotheMally 
pre par ad, particulate hyd*at*d calcium Bllica.te products 
fcrf regulating tha eAnUtlon or initial combining of the 
reajstanta. Thus, if a hot suspension of reagti-Ve eilieoooie" 
material, such aft. diatoroaeeiua: bU±&*, i« first fed into a 
.tt&actften vessel and" the liuk».oi*ap*enolon subsequently added 
thereto, toat being provided to Incite reaction attd to 
provide and maintain tfc* desired yeaotlon conditions-, pro- 
ducts exhibiting physic*!, as W*1X as ehamical properties 
comparable -to those obtained froa a Calvert type r emotion, 
comprising duply combining reactive siliceous material and 
lime In an aqueous medium and then increasing %b& tamper* tur« 
of eaidreactants to reaction temperature, 9 re Bbtained for 
lifce reaction condition*, teaparature, raaction tinej 

concentration or liquid to solids content, and reactants* 
It haa bera discovered, however, that effecting, initial con- 
tact of the lime and siliceous x-eaotantja by adding or intro- 
ducing the si ii eeous material to a concentrated line suspen- 
sion, for amunplQ, fir at filling the reaction vessel vlth a 
hot liaa auapan»lon and subsequently addltfcthe siliceous 
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suspension > Khile raaintaiuinij s aid feactants at a tempera- 
ture at least in the vicinity of 2?0*F» tut no kens than 
212*P, and preferably lfr the approximate range of 300 to 
3?f°f< j?a stilts In particulate hydrated osloiuft alllcataa of 
materially different physical properties auch, for example, 
as substantially his her bulfe densities, lower absorption 
characteristics, and, larger average particle size* Koreover, 
these distinguishing atui significant properties are obtained 
vhen Identical reactante and reaction conditions are utilised 
Dth6T..t^ the specified order and temperature* or addition 
or combining th* reautants* Typical property value & obtained 
from hydra ted calcium ailiqata products prepared according 
to a hyd rot hernial method which Included adding tha react! 
silicate material to a lias suspension at a temperature of at' 
least 2L2*F. and reacting the same fear approximately 2* hours 
at about 36q*Fp comprise a fluffed bulk density of about 17 
lb*, per eu; ft M and Sardner-ColaiiLan vater afosgrption ctf 

Bulk density lnorsa^e* and water absorption decrease* 
oT even greater ju&gnltude can be obtained in. hydr other raally 
prepared, particulate- hydrated calcium ^lllgatas through 
initial introduction, oar addition of tlie siliceous react aftt 
into a lime suspension by continuous and simultaneous feeding 
' of the aqueous autfpangion* of .said siliceous reaotant and 
lime to & stirred rftaetl&n vesae^ where by the aqu&ous aua pan- 
si on of reactive sJiioeou& material is continuously added or 
Introduced Into an aqua one suspension of lime, retaining tho 
react ante in said vessel at a temperature and for a reaction 
« dwell. Jeriod sufficient to effect substantial reaction to 
remit in the particular hydrated oalcium silicate desired, 
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afld coirtin«DW5ly and simultaneously with cr1<3 f go dins of the 
reactanfca ramoving true raBiaitlrig reaction products- .from the 
rasqtor at a rate approximately squivelant to tha- rata of 
fead* ityplcal hydrated calcium silicate jiractaot property 
values resulting rtfutn tha fcr^ping procedure when using a 
reaction temperature of aporoxiroately 360*F. and a reaction 
.or retention time of about 2 hours sre a fluffed bulk density 
of approximate!/ 15 lbs* pop en. ft., a T*at csake density of 
£0 lb a. per cu, ft,, and a Gar^nftr-Coleiaan nator absorption 
of 2**C#» 

Fhe ctieaoicsl, or physico-chemical mechanism of this 
phtiiifiin&nfiii ia neither Ful^y apparent nor claimed to be com- 
pletely understood; however, for purpose? of illustration 
rather than explanation or limitation, obaar vatica indlcatae 
that the physical characteristic* of the product are d&taw 
minapj during tha period of initial contact and/or reaction 
between the rea&fcanta, a period whan the lima concentration 
.la at a maximum r It i« believed that the reactive nuclei 
which fopoi lu the initial part of the reaction fie terrain* the 
physical oharactarietlcB of density, particle «ls& and 
absorption and it i* postulated that the nuclei formed In a 
medium of & high lime concentration consist of a oalcium rich 
phase of calcium. £ Hi cat©* This occurs ,in a process vharain 
the dl&tanaceous silica is added to * lima auepa&aion ana/w 
vhere both react ant * are; continuously combined or added to a 
reaction vessel and new lime suspension la continuously 
supplied alway* pr ovldlng a high U«e concentration during 
tha initial phase of contact and/ or reaction when these* 
nuclei aro formed* On the otter hand, the nuclei tonruM vaen 
the llt&a 1$' addad to the dlatraoaaaoiia silica suapension 
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appai-antiy consist of a, calcium silicate ulth a no?ck lowar 
calcium content. IThe nuclei which fprm in the Calvert type 
process consisting of combining the* reactatits at sab- 
re active tdifip^raturd and heating to gradually approch M 
aahiaMe reactive c auditions no doubt al&o consist of a low 
caLciuffi content calcium aiilcato. 

The following e-xaiapLfta illustrate and compare the prior 
art procedure* ulth variations lei the practice of the present 
invention arid the substantial meritorious results thereof 
over til* prior art practice** It is to lid uqdeiratood that 
the specified reactanfcs, reaction conditiona such as time, 
temperature and concentration, sp&clflv taohnliiuee or the 
Ilk* are exemplary and are not to fcw oons trued to Limit the 
invention to the particular components t proportions or other 
specified conditions ox technique* in the hereinafter de«- 
"cribefi ; examples * 

fEDlSlUff OP LIKE TO gltlCA SXISPHNSJ^ TH A. BATCH REACT IGW 

ThUea- thousand twft h&ndred antf* slaty Kalians of an 
aqxteoUfl suspension <>f diatcmaceous earth (silica) comprising 
Q*92 lbs* of uollds per gallon were passed through a heat 
eatehan&er raisins the tamper a- tura of the a am* to about 3CQ°F, 
and discharged into a. pre-heated, stirred reaction Yes sol 
wherein, said suspension vaa further heated to and toaintained 
at 3?0°F» 'direct Injection steam* After addition of the 
diatflttfteeouj earth sua penal on » 1500 gallons' of tf&tey were 
pump Ad inte the reset Ian vessel ovex a WO minute period upon 
heing similarly preheated to a temper &tuve of 300* in th* 
heat exchanger- Simultaneous with the addition of the w&tei 1 
660 gallons of an aqueous suspension of hydrated lime 
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oDcuprisinjg lbs* of OaO per gallon vara also adtfad to the 
reaction vege©j. t an amount sufficient to result in & CaO/ 
Si0 2 jucI ratio of 0.?« Btbam injected into the *a*ctor 
throughout tKi9 addition of said react ants to maintain the 
temperature of the sane at all oat 370*F« 1'he reaction was 
continued for a period 9f 2 nonars after all raa<;tants had 
been added and upon removal frw the reactor and filtering 
of the resulting sua pens ion tht> oafca \fa$ dried to a moisture 
content of about and ground in a hanuteriDiJ.1- 
EXAMPLE II 

ftWIXIHG OF LIMB AND SlLltfA AS TAUGHT BY CALVERT IN A 
.BATCH RB&flllOfl 

An aqttepus suspension of hydrated ldjaa, dJatediaceous 
*aTth (BiUoa).and water was prepared by mixing 16^0 lbs* 
of hydra ted lima (1200 lb*, of CaO), 3000 lbs. of diatraiace- 
on* silica, t and **50Q sail oris of water at room temperature to 
oroVMEe a reactive utadlum of lima and siliceous material 
having a CaO/eiOo-mol ratio of 0*5* This suspension vas ' 
pimped into a 4 old, stirred reaction vassal and was then 
heated by direct Itijeation steam to & temperature ot 370"^, 
and maintained at uaid fcamparattixe for a period of 2 hours* 
Upon completion of the reaction period the resulting sus- 
pension was filtered, toe cake dried to a uoofctur* content 
of about J# and ground la a tiEuiunerjDiLl. 

juodieiok of- silica ?a like asaficNaiQK in 1 bitch micnon 
The reaction' conditiGnu 'in. tbe fellowing example are 
identical to those of Exaaple I a*o*rpt for the ord*r of 
addition of the raactants. "Eight hundred, aitd «±3rty gallons 
of an aqueous suspension of nydrated lime comprising l* 1 * lbs. 
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of CaO per gallon of water were added to a pre-heated ? 
stirred reaction v«?eeej. followed by 15DG gallons of water 
and the temperature thereol brought to 3?0 d P. by steam 

action, Nevtf 3260 gallons <3O0O Ltia- of dciatoKiacooua 
earth) of a slurry of diatoajaceous earth (silica) contain- 
ing 0.92 lb«. of soLide psr gallon *fas pumped through a heat 
•exchanger bringing its teisperature up to 3O0°JV into the 
reaction vessel over an So minute ported* The ratio of lirce 
to dlatGanaceous silica was proportioned to give a CaO/SiQ^ 
saoL ratio of 0*5» The contents of the reaction vessel were 
aalotained at 370*^* for 2 hours during which, tims said con- 
tents, were ati*red fay aaechanlcaL agitator* Upon complstlon 
of the reaction period the .slurry was filtered* the filter 
cake dried to a moisture content of about 5% and ground in a 
ttaisjRflrEDill* 

v;: .,- ' mhbw W - 

^b»i»[m0B'*i»nioii , 0F keaoijutcs ahd com-tinuous hbmoval of 

- • : THE HEACTIQff PRODUCT 

Jin acueou* lime suspension comprising lbs* of CaO 
per gallon of water and separate aqueous suspension of sili- 
ceous E&terial comprising 0*55 lbs. of finely ground dia- 
tomaceous ailloa per gallon of vat or vere aantiruioaialy and 
simultaneously fed into tho bottoms of the first of 2 stirred 
reaotore oonueotad Xft aerie* ♦ The a i Lie a suspension being 
add eel at « rate of about 90 gallon© per minute and the llute 
suspension at a rats of about 16*5 gallons per minute to 
provide an appr climate ;.(JaO/S10p mt>\ ratio of 0.5. The sep- 
arate reactive B.ua.patwloiW were added through separate pipe 

lines- the aistoaaceous earth suspension was j>re-heated in 
a heat exchanger to about ItfiPTF* and steam traa injected into* 
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the .first realtor to (maintain the temperature el *tts oon« 
tants At 370*P* When the first reactor ^cached its overflew 
X±n& the suspension ol 4 react lag Ulna amfl silicons JDater.lEtL 
ccffitinupta^iy passed sver into a second reactor which upon 
filling to ita av&rflow Una discharged a aue^analon of the 
proiuct c&nttinuwaifXy and simultaneously at a rata approxi- 
mately equivalent to that of the feed. The reacted susper^ 
sion wae cooled in « ha at e.w hanger and Gepreasurlsed throm^ 
a valve* The reaction tima (v&asel working capacity divifled 
try rate of a Is charge from the second raaet&j?) was ahout 2 
hDursj however t several hoars are required to reach squill-, 
orlwn Jin a continuous flow process but once equilibrium 1* 
obtain there was neither an increase no? decrease in the 
quantity &f jastarial In the reactors since the amount of 
reacted aua pension ramDYea from the second reactor was equi- 
valent to the amount of raactaata added to the first reactor, 
•Ab\ir the foregoing examples the suspension from an equili- 
brium condition was filtered, the cake dried and ground in a 
haamaermlll, 

£h£ 4 0134 s content of tl» reacted finicp&iusions .. from 
each of the foregoing aaaaples- ware approximately the same; 
0,6 to 0,7 lbs. per gallon. !Tha re-levant properties of the 
ti'mroiiidl product a of ea.ch of the foregoing examples ar& as 
fellows: 
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Fluffed V&t Cake Gardrwr-OoioiKan x-ray 

E*« Bulk f)sn*ity Density Water A])&ort>- Id ant If i- 

i 7 11 

n 7 io 

Hi 13 17 

jfcioivg othar ljniqtia ana beneficial rosults of the jaatUod 
comprising thla invontion Is the uniformity of the siae of 
the hydra ted calcium silicate particles of the inaction pro- 
duet* For- $rtara£le, relative particl* Aire distribution and 
unif amity of the PrO^ots of fcxainj>le3 I, III and IV, all 
consisting of caloiixifi aitlcata hydrate I MatB^ialg. jEirepar&a 
ui&tfr. identical conditions but for the order of combining 
tfca r&&ctint$, are a* follows! 

Product* of Product of Product of 
BiEa Range. I KaAmnle III E^mala IV 



p"20 microns 


10.5V 


10.0ft 




10 • SO aiorons 






35.0 


• S « io microns 


10.0 






6. - 8 clarotns 


15.0 


7.0 


?-? 


^ - 6 iniBFCffw 


22.0 


5«5 


3*5' 


2 - 4- jaierons 




3-0 


3.0 


2 microns 


11*0 


7,5 


7.0 



'Although certain of the physical properties or char a- 
ct«ri«tle& exhibited hy thfr various hyd*at*d daLqium uili- 
oate pc ©ducts of the method of this invention aaterially 
ditfw from tfcoaa of' comparable hydrate* calcium silicate 
products, i*e», th-u$a prepared from like nUtarl&ls, mol 
ratioa/ concentration*, reaction time and temperatures ^ ate, 
their chemical and other properties aiaGh as thosa established 




™ Silicate 

^ 0 Hy^ate I 

260 * 
2**0 * 
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or determined toy X^ray diffraction patterns, thermobalanee, 
differential thermal analysis remain substantially identi- 
cal* 

Tleactants for the practice of the hereinbefore described 
invention tf&y cciapride finely divided Lifce and finely divide, 
reactive eilicaoua material , auch as diatom&cGDU* earth, 
quarts, etc*, as starting materials* Prefers bly> finely 
divided Ivy Grated lime and dlatomaceeus silioa are employed- 
Ihe hydrated calciw silicate pvoSuots of t hie invent Ida 
may be prepared fctilizinjt these starting materials in a 
C&0/S1U2 ratio within the approximate range of O.l - 2.0 
mole, of G»0 to 1 mol of 3i0g* .Preferably the slurries or 
sue jpene 1004 of reactive materials Include sufficient water 
fed render their consistency such as to enable It to be 
pumped, approximately 1/2 to 2 lbs* of eolide per 

gallon of wat«r. Farther* the react iuh slurry or suspension 
aheuid comprise ataeut 8 **£$'$art« by weight of water per 

part' Df 5ol4<is*. 

In accordance with thie invention and to effect reaction 
between the lime end sllleeenia exponents > the reac-tlon 
Yese.el ■ should be maintained at a temperature of at least 
iiS'-F- for a continuous type- react* on » and desirably higher^ 
a.g*, in the vicinity of approximately 250*F> for a batch 
type aparatio* to achieves the desired effect* Preferred * 
reaction temperatures xar&e from about 300 to 375*F« but 
the pasiaium'tetiap&rature for the reaction, ie limited only by 
the pressure capacity [ofi the autooiave or veaael and/ or the 
cr *tlcal point of water but te^araturaa within the approxi- 
mate ran^ of 212°tf# to 50CPF. 'can usually te einployed* 
Further, the CaOySiC^ mol ratio, reaction temperature and 
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titu©, et.5 in the hydrot hernial preparation &f hydratad calcium 
silicates try conventional methoda or techniques, oa&h Slave 
an effect on the type of culoium s&Jcate product resulting 
from the reaction* For ejraiaple* relatively low reaction 
temperatures, about or leas, and/ or short reaction 

periods s result in a compound cimmonly known a a caloiuw 
silicate- hydrate I {Baylor, JouTnal of the Chemical Society 
?0, 1953)\wbloh oan b* formed ove* the wttira range of an 
0*1 to 2.0 CaC^SiQ^ raol ratio, At a temperature of about 
2 12*7 » this reaction, on & continuous basis, has been found 
to be substantially coup Late in approximately 20 minutes ♦ 
At relatively higher reaction tetajHtfatures , above 
afcettt 370*F*, ana/ or at long paction periods, and with % j 
CaO/SiG^ mol ratio within the range or 0-1 to 0.7» calcium 
.silicate hydrate I Is foxmed first and then partially or 
riampljfttely converted to a lo* solubility hydra ted calcina 
•silicate haviue the formula 2Ca'O,3Si0^.i«2,5«26 and m X-ray 
diffraction i?attaru havittg very strong Una-e d = e.ud 
-d * *t.lafi ; and * iftil'M line at d = 8*3k&, described in co- 
pending Canadian patent application Serial Ko. 72? 1 526, 
fiied April l8 t 1957* A substantially complete convert ion 
of calcium silicate bydrate I to the fore going mentioned 
calcium silicate is obtained in abotrt 2 hours when a. CaO/BiOs; 
mol ratio of Q*5-to G*6 is employed in conjunction with a 
reaction tenperature of t»50*F. ' However, if the CaO/SiOg mol 
patio is vitnin the range of 0.8 to 1#£ attd th* reaction 
temperature in **c**n of -.about 370°F», calcium ailicate 
hydrate I also f 0D?JBfi first which in. turn is partially or 
completely transformed to jconotlite* A substantially com- 
plete conversion to jconotllte can be obtained in about 2 
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hum's with a C&O/SlOg Jfiol ratio oJf 1,0 vhioh Lej employed 
with a rG&uti&fi temperature of about ^O^F* Rftattlon times 
longer than those necessary to a Deplete the reaction typi- 
cally have no detrimental a-ffeot upoa the physical character- 
•iatios of the resulting prc^ucta, althwieh, an apparent from 
the jforagoins, they may result in ttis conversion of calcium 
alllcsta hyarata I to e.iitjther hydra tod GaLciua silicate- 
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The eM)&aiiaent& or fcha invention in vhich an exeluaiveJ* 
property or privilege is claireed are flaflnaa a* follows* 
3.* The method of Baitfifaotfcring a hydra ted o&lciuni 
silicate having high bulfc density and goodl absorbency which 
comprlaes coat Inn cualy feeding tci a ruction vaasel finely 
divided llrce and finely, divided reactive siliceous material 
In a CaO/SiO^ mol ratio betvefin approximately 0*1 and 2*D to 
X and in an aqueous anspegi&ion, maintaining the aqueous aua- 
panal&tf. df said material* at a teMparatwe of at least approxi- 
mately 212*70 for a period: of tine sufficient to obtain 
reaction therebetween, and removing the formed reaction pro- 
duct tram Mid veesaj. at a rate equivalent to the rate of 
feed of the reaetanfe» 

2* The method of JsaamifactuTing * tiydrated calcium 
silicate having high bulk density and good absorbeney which 
oowi^^ ee&tinuroaly feeding to a reaction vessel finely 
divided lime and finely divided reactive silieeotaa neater lal 
in a CaQ/SiO^ mol ratio between approximated 0.1 and 2*0 to 
1 and In an ague one suspension having a water to solids ratio 
of ajppzioarirately ^ to 50 parts of water per hart of solids, 
lualntaliLLKig the aqueous aauapension of said materials at a 
ttoXierattire Of at least approximately 212°F* for a period of 
tiwa fluff ioient to obtain reaction tbe?ebetv*en, and removing 
the f armed reaction product from b aid vessel at a rate equi- 
valent to the rate of feed of the reactante* 

3- The method of manufacturing a ftrdrated ealoima 
silicate having high bulk density and good ebscffbeiw vhich 
eeogirise* ferritin a^ueou* euapaneiotts of finely divided lioee 
and finely divided reactive siliceous material, feeding said 
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suspensions to a reaction vessel at a, rate sufficient to 
forjQ a,ti aqueous slurry of liine* end restive siliceous mater- 
ial in & CflQ/SiO^ ©el patio between approximately 0»1 and 
2*Q to 1) aeititaining the agueoud slwty of salt* materials 
, at a temperature of at least approximately 212*F. for ft 
peri 04 of time sufficient to obtain reaction therebetween, 
and removing the formed reaction product frcai said veasel 
at a rate equivalent to the rats of feed of the reaetaixts. 

The method of manufacturing a hydra tea calcium 
silicate having high bulk density and good absorbancy which 
comprises foxing aqueous suspensions of finely divided Lime 

i and finely divided reactive siliceous, material* feeding said 
Suspensions to a reaction vessel at a rate sufficient to 
for* an aqueous slurry of lima and reactive siliceous mater- 
ial In ^ GaQ/fliOg mol ratio between approximately 0*1 and 
2*0 to 1, said slurry having a *ater to solids ratio of 
appr.«iuaately k to JO parts of water per part; of solids, 
maintaining the aqueous alnrry of said JBaterlala at a tempera* 
ture of at least approximately 212*F* for a period; of time 
sufficient to obtain reaction therebetween, and raoaoving the 
formed reaction preauot from said vessel at a rats* equivalent 
to' the rate of feed of the reaotants. 

5* Xhe method of Manufacturing a hydrate* calcium 
ailicate having high bulk density ana good absorbency which 
ceaapr ises forming aqueous suapanaflone of finely divided lime 
and finely divided reactive siliceous material! said euspen- 
sions having. a solids ocnoentration of approximately 0*1 to 

i £ lbs* solids per gallon of vater, feeding said suspensions 
to a r.eaetJ-en vessel at a rate sufficient to fcrro en aqueous 



B 
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slurry of lima and teactiva gilioaeus toaterial in a Ca(V$±Q2 



■thB aqueous slurry of eaid ft&terl&l* at a t*atferatu3e& of at 
loaet approximately 2l£*F*. for s. period of time sufficient 
to obtain reaction thsrabetweenj and removing the formed 
reaction product from said vessel at a rate equivalent to 
the rate of feed of the reagtante* 

6* I ha method of m&rraftcturing a.hydrated calcinim 
silicate having high bulk density and good absorbancy vfciloh 
jaotopriees continuously feeding to a reaction v&ssel finely 
divided lime atid finely divided reactive SiattfnaoeatLB aa*th , 
lu a C&Q/SiU 2 ddL ratio between approximately 0.1 and 2«Q to 
1 &nd in. an aqueoue expansion, juaint fining the aqueous 
&u?petteiQ& .of eald materials -at 4 temperature of -at least 
apfrroxinatelj 212* for a period of tiise sufficient tti 
obtain., roaot l&n tterefcetwenj ^nd removing the formed- reaction 
product froa said vessel at a rate equivalent to the rate of 
feed of the re tetanic* 

7- The method Of , toafliuf asturiag ft (xsrdr^ted calcium 
silicate bavlttg high bulb penalty and good abaorbency which 
oowpriees continuously feeding to a reaction vessel finely 
divided lime and finely divided reactive diAtemaceDua earth 
in a CaC/$i0g mol ratio between approximately Oil and 2*0 to 
1 arid in an aqueous auapenslon having a water to solid* ratio 
of approximately k to 50 parte Of irate? iper part of «ollds f 
maintaining the aqueoti* etia penal on of n aid material* at a 
temperature of at least approximately 212*?, for a jie*iod of 
time sufficient to obtain, reaction therebetween, end removing 
the forced reaction product from said ve*eel at a rate equi- 
valent to the rate of feed of the reactmita* 




«iol ratio between approximately 0,1 aiwi 2.0 to 1, maintaining 
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8* The method of manufacturing a L^ydrated caLeluta 



silicate having high bulk dwwity and good absotbauoy vfcicti 
eoitprlaas forming aqueous auspenaicns Pf finely divided lime 
a&d finely divided reactive diatomaceous earth, feeding said 
auepa&slons to a reaction vessel at a rate sufficient to to j 

1 an aqueous slurry of lluw audi reactive diatomaeeous- sai?tl& in 
a Ca0/S10 s . uiol ratio fcetueen approximately 0*1 and 2,0 to ^ 
maintaining the aquenoru* alurrg of said material* at * tempera- ;'■ 
tura of at least approximately 21?F* - t«'a period of time 
sufficient to obtain reaction there b'etv»*a, and' 3?eini?ving the ' 
framed -reaction product fr on said vessel at a rate' equivalent 
to the rato of fold of the reaotants, 

9* The method of manufacturing a hydra ted oaioiuia 

. silicate having high bulk density good ataarbattGy vhioh 
ee^prl£«s foiling aquaou* suspensions of finely' divided lima 
and tineil^ ' divided reactive- diatomAcaous *&rth, loading said' 
suspension* to a reaction vessel at a rate sufficient to 
taxiA ad aqueous slurry of liiae- and reactive dlBtoaa-eeoua 
earth in a CaO/6JOg *ol ratio. between approximately Cul and 
ZMW1 9 said slurry having water to solids ratio of 
ajpprcocimatoiy k to 50 parts of vatar par part of solid*, ■ 
j&alntalnlna the aqueous slurry of said materials at a tempera - 
ture of at least approximately 212°?. for- a period of time' 
sufficient to obtain reaction thereat we**i, and' removing : the 
forced reaction product from said vaxjsel at a rate equivalent : ; 
to • t he rat e of feed of * the - raaotant a * 

10* The method of manufacturing- a hydrated, calcium 
silioate having tiijjli built, damiity and good abaorben«y ltfhieh 
comprises forming aqaeous suspensions of finely divided lima 
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and finely divided inactive diatixoa era 0135 earth ( said suspen- 
sions fraying a a olid 4 conQSTitration of apprroaEately 0*1 to 
a lbs* solids per aallon of water t feeding said suspensions 
to a reaction v&ssel at a rate "sufficient to form an aqueous 
a lurry c£ lira* and rewti^ dlatasaaeeoua earth in a CaO/aiO £ 
mol ratio between approximately 0,1 and 2.0 to l y aiaintaiaini; 
the aqueous slurry of said Materials at a temperature of at 
least approximately £12°** for a pario* of time cuff ieiant 
to obtain reaction tharebetvesii, and removing' the formed, 
reaction product froai *ald vaaeel at « rate e^ulvalant %d 
the rate of iead of the reactants. 

■ * fciiU'he jsathod. of maraif aeturlng . a nydrated calcium 
silicate having hi^h talk density and good Abaorbtncy whloh 
OOflaif*ri&*& I arming aqueous suspensions of finely divided Lime 
and* finely divide reactive allies cue material* said suspen- 
slone having a 'solli* concentration .of anprraiiiiately C»l to 
21bs. solid* par gall one «f vater, feeding said- auapeneions 
to a reaction vessel at a rata sufficient to ivfrm an aqueous 
slurry of lime and reactive ailieeous material in a C*0/£±0 £ 
aol ratio between apprwUnately O-l and 2,0 to i, maintaining 
the aqueous slurry of said materials at a temperature f^otn 
! approximately £12 to ^50*F- for a period of time sufficient 
to obtain reaction there between, and jreMpving the formed 
reaction product frea said, vessel at a rat* equivalent to the 
rata of feud of the react ants. 

12 • Iba method of raaraifaeturlng a bydratad caloiuja 
silicate having high bulk deii&ity and good absorbmey whioh 
eonpriae* farming aqueous suspensions of finely divided lime 
and finely divided reactive diatomic ecus earth, said susfcan- 
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sious having a sol id e concentration of approximately 1/2 to 
2 lbs. solids pax salJ-w or watar, reding sais suspensions 
to a reaction vessel at a rate sufficient to form an aqueous 
aXurry &£ ;Ump audi reaetlv* diatomacecus earth In a CaVSIQg 
mol rati* -bat** &n a&proxljaately 0*? and 1,0 to 1, aaintaining 
the agueovu slurry of said materials at a tamper atura froan 
&ppr.oi7iiiiately 212 to 450*F* for a period of tima sufficient 
to obtain reaction. ttiByabetTOen,, and removing ttw forwed 
taction product from *aid resseX at a Fate equivalent to tfrt? 
rata of feed of the raactants. 

L3« A hydrotnerrwLlly prepared to'dyatea calcium silicate 
having a sajMrelly rouadad, f*ea fXowisog particle structure 
and characterised by a bulk density of approximately 8 to 
3a lba«/ou* ft* sad a Gardlwr-CoitfJARia -absorption (H^O) of 
approximately 17? to **Q© lbs./lOO lbs. solids* 

Ik* ■ A. hydro thermally prepared hydrate! ealoium ellioate 
■fciaving a generally rounded, free flowing part io la structure 
E*n£ characterised by a bulb density of approximately 8 to 
30 ibs./ou. ft., a coapoeite CaO/SlO^ mol ratio between 
approximately 0*1 end 2*0 to 1, atti a Oardnar~C oilman sorp- 
tion (HgO) of .approximately 175 to *t00 lbs./100 Xbfl.ffllids* 

X?. A o&ntinuoiMjj, hydrotKermal mot hod of mfcircf&oturlng 
fr«e flowing hydrated calcium silicate having a bulk density 
of at lea it approximately 8 lbWou* it* and good abacrbsnfcy 
which ownprieee oontiziuouel^ and ataulfcaneoiuily feeding 
finaly divided lime end finely divided reactive siliceous 
material, proportioned to provide a CaC/SiO^j nol ratio of 
between approximately 0.1 and 2.0 to 1, to a reactor while 
reme-viug the resulting reaction product Ir oca 4 aid reactor at a 
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rate equivalent to ths rato erf Xeea of Bald react ants, and 
maintaining an aquaoas eas^naion of said ispateriala vitbin 
said reactor at a temperature of at isast approsJmately 
2t2*7, for a dwell period surf 1c lent to obtain reaction 
therebetween. 

i£, A oonUiroau*, Ixydr&t herbal ja&tnod of manufacturing 
£re& flowing nydratad daXaiUta ^ I Heaths having a bulk danalfcy 
of at least approximately S Lbs./cu. ft. ana gpotji abacr'benoy 
vhlch aotujirise'S cozitiMUeuely and simultaneously feeding 
finely divided iliae and fiuely divided, reactive siliceous 
material t proportioned tt> provide a CaO/tilGg tool ratio 0? 
between approximately 0.1 to 2.0 ten 1, la ait aquoous augpan- 
, aiori- having a water to solid a rati* of approximately V to 
. 5&'parta water par part of solid* a reactor vbila 
pemovlttg the resulting reaction product from' said reactor at 
a rats equivalent to this rate- of feed of ?aid raaetanta, and 
jfinlntalYilne an aqueous suspension of said Materials within 
laid factor at a temperature- of at least approximately 
2l2**« for a dwell period sufficient to obtain reaction 
fcnerabetvaeiXi 

17. A G&ntlnufiua ^ hydrot normal method of mauufaottaring 
free flowing hydTated calcium, aillcates having a talk density 
or at- leant eppr^xifnateiy 8 Ibs./cu. ft. aiid good absorbency 
wbia& qcmprieea oOntitwouoly and eiBul tenuously feeding 
.finely divided lime- and finely divided reaotive siliceous 
aaterial, proportions^ to provide a CaG/£iO a ^ol ratio of 
between approximately 0.1 ax£ 2 4 Q to 1, U r react or while 
removing tha resulting reaction product irem aaid reactor at 
a rata equivalent to the rat* of faed of aaid reaotartfcs , and 



to r r ; 
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<naintaining an aqueous iJUspenfllun 0/ daid Materials within 
said, reactor at a temps* at ura Q % a t Least approximately 
2Jt2*s\ Tor a dwell period of at least appr&acliiaatety 20 minutes* 
1 IB* A continuous, b/drDthernaL jsethoi of j&anufacfsurlAE 

• free flowing hydrate osJ.oitirc silicate* having a bulk density 
or at Least approximately 3 lbs*/ on • ft. and good absorbency 
wbioh comprises continuously and aimiitaneoii&ly feeding finely 
divided ' 1 3jhb and finely divided reactive siliceous material, 
proportioned to provide * CaD/BiOg moJt ratio af between 
approximately 0*1 and 2.0 to 1, in an aqueous fluapension h&v- 
ing a water to solids ratio txf approximately ii- to 50 part a 

/ of water per; part of solids to a reactor vhtie removing the 
result log' -react I en product from said reaotor at a rate 
equivalent to tbo rate of feed of *a34 react ant 3, and Jnain- 

' talKLiiag an aqtiejeite suspension of said materials within 3*14 
reaat&r at a temperature at at lea*t approximately £12*F* 
for a dwell period of at least ^pprtixiBiateiy £0 minute* * 
.19* a eomtinnoas, tyrdrothermal. fast hod of JBaircrfacturlng 

• free t lowing hydrated oaloiw? silicates having, a buLBc density 
nf at least approximately & Ib«*/ou. ft* and good absoreenoy 
whloh comprises continuously and simultaneously feeding finely 
divided lime and finely divided reactive siliceous material s 
proportioned to provide a Ck0/Sl02 m&i ratio of patveen 
approximately 0*1 and 3.0 to l t in an aqueous suspension hav- 
ing a water to solids ratio of approximately. 4- to 50 parts of 
water per part of *ollda to a re-actor wfrile removing the 
resulting reaetlon product from said reactor at a rate equi** 
valent to the rate of feed of said reactants* and maintaining 
an aqueous suspension of said materials within said reaotor 
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at a temperature of from approximate Xy 212 to k-^Q^P. for a 



dwsXl par led sufficient to obtain Fraction titrate tn«eji+ 

20- A ocntiTiuoufl, t^ratfoflrmaZ method of manufacturing 
f*ae flowing hydratsd c&tciuia silicates having a laulsk density 
of at least approximately 8 lbs./cu* ft- ana good abHefffeenoy 
which conyprifies CGatiHtoously and flJjfluitatli&ously feeding 
finely divided lira ana finely divided reactive siliceous 
inateriaa, proportioned tro provide a CaO/SiOg mol ratio Of 
botveen approximately 0*1 aM 2*0 to 1, in an aqufloua aus- 
penal &n b^vli^g a • rater to *Dlida ratio of approximately 4- to 
50 parts of v&tw per part of solids to a reactor wiilLe 
removing the reauitlite raaotiou produot trm said reactor at 
^ rate equivalent to the rota <tf feed of- said react*nta f and 
maittkalUlnB an aqueeu* auapsnslott. of said materials within 
,5 aid. reactor a$ a' t*fBperature from apprKKlaiateljr 212 to ^50*7. 
for avdweli. period «f at Least Qpprmtaately 20 Mnuted. ■ 



:. 



< 



B 
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21, A Kiathofi of increasing the frulfc density of hydro- ; « 
thermally prepared bydratad calcium silicata* whica o pro- 
pria e effecting initial contact of aiUMQiM and line 
re act airte at a temperature of at l*ast 212*F» by adding an 
k&u«9U? suspetlaiefc of r« active '5 11 ice cms material to an 
aqueous zmsp&KLsiott. of lime, proportioning the react&titd 
comprising water and said rasp&jri&ions of reactive allies dub 
material an£ lint* to provide a CaO/aiO^ znol ratio of 0*2, - 
5*0 ana a r fraction, medium having' a vater to a$Li£& content 
of about S - ?0 parts by wight of vaaer far part* of 3 oil da, 
iemintainirte the aqueoua auapanaiona of the eiliceou* aud 
Lima react ants at a temperature of at least 212*7* a • ■ 

*a*q*li>u period of at Ua*t about 30 J&i«ttt*< to affect mib- 
tftahtial rea&tien betw£oti th* reactive oaapottant* te form a 
hydigated calcium silicate. 

,,- 22* A.JnstEOd of iitor easily tfeiO talk 'density of kr/dr<^ 

.1 . ■ . . 

thawaUr prepared bydrated oaloium ailiwte* which $om- 
prises effecting initial contact of aiZieeou* ai^S lima : 
reactant* at a temperature of at least 21£ ft ?. up to appro*!" 
mat^ly 500*tf* fry additiE an aqueous suspeiteittt of reactive- 
silica 6M material to*an aqueous auapanalfldi of lime* pro- 
pcrtitMOing: the reactants comprising tf&ter au£ a aid auepen-p 
alone of reactive ailic'eoui* material and lime to provide a 
Ca0/£1C£ dldI ratio of O.l - .2.0 avid a reaction medium having i 
a water to solids cezvtent of about 8 - 50 patts fry weight ot 
water par part of solids* maintfiihing the aqueous suspension - rJ --' • 
Of the siliceous and line- reactaftta at a temperature of at 
..least £i2 # J*# up to apjtf Wfiwataly for a raaetion period 
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of at least about 20 jninut*s to effect substantial reaction, 
betve^n said reactive ooonponants to torso, a tydr&ted oaXcluoi 
ciLicat* . 



23 * A m«tho(S of iiwr Basing ths bulJ* density of hydro* 
tltwrmally prepared hcydrated ealciuitt silicates which cooi- 
prisma effecting lnJ.tJ.al contact of siliceous and lim& 
Teaetanta at a fcaap&rattfra within the rang© af approximately 
300- to 375*^ fry adding an aqueous aEwpaneion of reactive 
sllicaoua material to an aqueous au a pension "of Lime, pro- 
portioning, the react ant a comprising water and said *uspen« 
sion* of rsaotive siliceous material add Ufeo to provida a 
C& 0/6 102 W& X ratio d! 0 J - 2.0 and a raactlux madium having 
a wat&r to solid* content af about 5-50 parts toy wl^ht of 
water per part of soli.de, maintaining the ague on a atasjienHion 
of -the alllc&oue acul link* reactanto at a fc&mperature within 
the range of .approximately 300 to 375**» for a reaction ' : 
perio*. tff at leant about 29 roirtutee to effect eubataatial 
reaction patvaen sa'id reactive onfepottiant? to icrta. a grated 
calcium silicate. 

a method of Increasing the bulk density of hydro* 
tnerraally prepared hydrsted ealoimn eiUoataq which cosa- 
prises effecting Initial contact of siliceous and lime 
reaatant* at a temperature of at Least 212*F« by adding an 
eqveraa auepexwipn' ef reactive elligeona material to aw 
aqueous atispetision of line, proportioning the raaotattt^ com** 
pr^aing v*t*r ana aaJd auspetwiona of react lv* ftiliceoa& 
material and tioto to proviso a CaO/SiO^ mol ratio of 0,3 M 
1,5 and a reaction radium having a water to solid? content 
of about 8-50 parte: fry weight of water per part of lAUda, 



! 




http://patentsl .ic.gc.ca/fcgi-bin/any2html?FILENAME=%2Fcpoti%2Fprod%2Fapache%2Fht l ... 3/1 8/03 



00601 124clm.afp Page 12 



Page 2 of 3 



6 01124 

■il 

s of th& uiLicsouB 
8t least 212°?. for a 
reaction period of at least about 20 tuimit;e& to effect 
substantial reaction befcif&*n thft yaaotion coimponoirits to forjn 
a' hydratiad oalcllnn silicate- 

2?* Jl method of inex easing the bulfc aansiujr of- tvydro- 
thflrteally prepared hydrated calcium silicate* which cosh 
pyisa* affecting initial contact of ailicaoTis 'aitf Had 
re&cfcanta at a tamparatura of at, Ua^t £12°^* up to approxi- 
mately 5"00 C F- by adding an a<iuaoua auujansiofc of react 1V5 ■ 
eUioaoug material to an aoueoua suspension of lime, pro- 
portioning the re act ants comprising water and s&id suspari-. 
flicjia- of ^B^qtive siliceous roateri&l anfl lime to provide .a""; 
OaO/SlOg mo! ratio of 0«3 - i*5-aiaa a reaction meajlw ft&vliig- 
avatar* to solids oont.ent of about 8 - JO parta by waighfc of 
vata? par part of solids 1 maintaining th& aqueous suspension 
of .th« siliceous and lime raactattta at a teiqperatur* of at 
^*a*t 2l2*F* up to approximately 5*>0^ for & reaction period 
of at least about 20 minutes to affect substantial reaction 
between said reactive cojidji Grants to form a bydrated calcium 
silicate 4 

26. A method of increasing tfo& bulk density of -foydro- 
t tier-mall^ prepared hydrate d calcium silicates which cdqh 
prises effecting initial contact of siliceous- and lime 
raaotaftts at n temperature within the ran«e of approximataiy 
300 -to 375*^- by adding «t aqueous suspension of reactive 
silioeoiM material to a»x aq^ous aujjjpanalon ot liiAfl, propov- 
tionhig the' r*actanta ooaiprifting water and said suspensions ; 

1 • i 

of reactive -silica ous material and lime to provide a CaO/^iPg 




i 



maintainiuK tlie aqweous suspensions 
lims* react&nts at a temperature at 



if 
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mo! ratio of 0*3 - X«£ and a react loin medium hav.ing a ratar 
to solids content of apont fi •% ?Q jwta by yeight of vater 
per paxt £f solids, maintaining tho aqueous suspension of 
fche alU.oeoua Xii&fi raaetanta at & temperature within tha 
range of approximately 300 to 3?5°*» for a reaction period 
of at least about 20 naintttes to effect sub&fcsntial t&noticm 
between said reactive components to form a hydra ted calcium 
silicate, 

27* A method of increasing the bulk dsnsity of tiy^fr- 
thermally prepared hydrsted calcXun silica tec which comprise 
effecting Initial cunfca&t of siliceous and rwstants at 
a. temperature of at least 215*jF> by adding an aoueoua eva- 
sion of reactive 'siliceous material to an aqueous suspension 
of lime-, proportioning the reaciaiits- comprising water and 
.said *iwponai6na- of reactive siliceoua material and liana' to 
provide a CaQ/SlQ^ aol ratio o* 0*1 - £.0- and- a reaction" ■ 
medium having a water to solid* content of about & «• 50 parts 
by weight of vater per part of solids, maintaining the aqueous 
suspensions of t lie siliceous and lima reaotants at a temper a« 
fcur* of tt leaat 212*5"* for a reaction period of -to out 2 
hours to affect substantia! reaction between said reactive 
components to form a hydratad calcium silicate* 

2&w A method of increasing t tie bulk density of hydro- 
thusrwally prepaid hydrated caLoium silicates which comprises, 
affecting Initial' contact of diliceoua and lime react ant a at 
a temperature of at least &3*F-. up. to apprrariaateiy ?O0°F. 
fry adding an aqueous suspension, of roaetlv* ai lice oca water- 
ial to an aqueoue snsp&nsion of lime, ; proportioning the 
reactants* ■ comprising water and said siispojiaion* of reactive 



http://patentsl ic.gcxa/fcgi-bin/any2html?FILENAME= 0 /o2Fcpoti 0 /o2Fprod 0 /o2Fapache 0 /o2Fht.... 3/1 8/03 



00601 124clm.afp Page 14 



Page 2 of 3 



601124 



6 



siliceous i&afcfirlfcL and Liroo to provide a CaU/fitf.0a mol ratio 
of 0*3 - li$ and a reaction aadiufc having a water to solJds 
content of about 6 - JO parts by Tjslght of water P&* part of 
solids t maintaining the &que>ou& suspensions of the siliceous 
and lime reactauts at a temperature of at least 2L2*F fr up to 
approxiipjatdir 500° F. for a reaction period of about 2 hours 
to effect substantial reaction between daid re&atlw compon- 
ents to forjg a hydrated calciuna silicate* 

29* A method of insreasiog the buU density of hyiiro* 
thermally p33«par«d hydrated calcium silicates ^hieh comprises 
effecting initial contact of siliceous and liine fceaetants at 
a temperature yitbiii th* of approxlaiately 300 *° 375*F- 

by idling an aqueous suspension of reactive siliceous material 
tif. an fttjUBD-ae au#pefl&lAa of li&e, proportioning the reaotaints 
cojffi^Fi&ing vatsr and- said suspensions of reactive siliceous 
material and lima, to pruYids a CaO/Si02.Jaol **tio of 0*3 - 
tm? tad a reaction medium haying a water to solids content 
of about 8 - ?0 parts by weight qf water per. part of solids, 
maintaining the aqueotie BuepaneiDue. of tdB silloeoiie and 
lim* reaatant* at a temperature within the-ran#s of approxi- 
mate^ 3t>0. to 375*7* for. a reaction period of about 2 hours 
to affect substantial reaction between said reaotlw owtvpoa- 
ents to form a hydrated csloiun silioate* 

30. A method of ir/dr ©thermally preparing hydrated o»l- 
sium silicate*? having biaXfc densities of at least approximate!^ 
10 1\}*4 per CU* tt« vhich, comprises effecting initial contact 
of siliceous and Lime reae tints* at a temperature vithUl the 
range of approximately 300 to 375°^* wWin^ aa aqueous .-. 
suspension of reactive siliceous notarial to an. aqueous 
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suspension of lima, pro^Drtinxiing the reactanta comprising 
vat ex and a aid suspensions of reactive alllgeoug material 
iind li&a tD provide a CaO/SiOg jitclratJ.o of 0*3 - 1*5 And a 
reaction radium having 4 *atar to solids content about 
8 « 50 parts by weight of water pea? part of so114b, maiiiM 
taitiiag tin? aquBoas.eliGpenaiona of the siliceous und lime 
reafitatits at' a temperature within the ran^e of approximately 
300 to 375*7. for a reaction period of about 2 houra to 
effect substantial T«actlt>n bet wen «ai<S reactive components 
to forfl a hytirated calcium sulcata. 

31.. A JLflthofl of increasing the bulk density of liydro- 
thflrmally prepared hydrated oalolwai Blilcates vhieh comprise* 
affactins initial contact at silicons ana iia* :r*atfc*hta.\*i . 
' a -temperature of at l«a«t 212*3'- fry continuous, addition of- 
an aqueous suspension of reactive siliceous mate>rlal to an 
aqueous suspension of lltae through continuous and slmultaae- . 
una feeding. &f the BiUoOCfU'4 atifl lima ittspBivg ions' to a ' j 
haatad reaction waaei to maintain an imintarruptfld intro- 
duction of said allied oua raactant into the said linos 
r&aQt&ntt proportioning the continuous feeding of the- re act* 
ants comprising tcater, siliceous material and lime to tsha 
' reaction .vessel to previa* a CaG/Bi©a jnoj. ratio of 0,1 - 2.0 
and a reaction, tf&diwn having a vater to s olid a content of 
about 9 - ?0 part;* by wight of vatei per part of solide, 
^intaining th* teaetlv© content* of MXO. weae! afc a tempers - 
ttira of at Least 212% ©cntiatoolatfty «ad Biaultarjawialy with 
said feeding, Of the reaotattte xemavlftg th& racial ting reaction 
products fro* calfl raastor at. a rat© approximately equivalent 
to the rate*, of food, and retaining the a^uaou* auapenaion of 





. *.<:• ■ ■ t: \* 
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said. react ant a witfcin vessel for a reaction period of 
at least jab out 20 ntf-nuta* to eff&et autosfcaatlal reaction 
petveen. .the tsaotive components to farm & hydratofi .caloium 
silicate. 

. 3?.. A mafchod of increasing the bulk danalty of hydro- 
thermally prepared hyd>a*ed calcium silicates which comprises 
ef Acting" initial contact of siliceous and lima reaofcatits at 
a temperalur* of at least 212 D P* up to apprDKltoatalr SOO^F. 
by oontiUvioug addition of an aquooua suspension of reactive 
ftiiJLQaous material to &n aqueous suspension of lias through 
continuous and simultaneous feeding of the .ell ice ous and 
lime auspenaiona to a heated reaction vassal Jio maintain an 
uninterrupted introduction, of . said aiLicaous reaetant, into 
■the -said' lime reactant, proportioning the oontlmjoua feeding 
af thai^eactante comprising' watar,. a ill caous 1 arterial and 
lime to the reaction vessel to provide a Oa0/Si0 2 raol rat^o 
of 0*1 -2*0 and a raaebiom modium having a water to solids 
ootttant of about 8 ^ 50 parts toy weight of water .par part -of 
s olid s, maintaining the reaojtive content* of said vessel at 
a temperature of at toast aisfF-.up to approximately 5Q0**V r 
contiguously and- simultaneously with said feeding of the 
re^atanfca. rencying the reaultins taction products froir said, 
reaot.or at a rate approximately equivalent to the rate of 
feed, and retaining tfce aqua mis euspsnalon of said reaotants 
within said vessel for a reaction period of at least about 
20 minutes to effect aubstantial^reaotlon betveen the 
reactive ooroonenty to form a hyflrated calcium silicate- * 
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33 > k method of Increasing the bulk density of hyaro- 



thermally j>raparsd hydra ted calcium ailloatse which oomprlses 
ai footing initiel contact of allicetiua and Lime react ante at 
a temperature within the rang* of approximately 300 to 3?5*F. 
by continuous addition of an aqueous suspension of reactive 
ailiceoue m&fcarl&l to an agueeus suspension of Lime through 
continuous sad aiiftultaneDUg :faGdJ.:aji of the siliceous and 
lime sua pensions tb a heated reaction vasael to maintain aft 
uninterrupted introduction of said slLic&ou* react ant into 
the said* lima react ant, proportioning the continuous feeding 
of fch* react oat? C<tfttfrl4ln£' wat*? 9 &i;lH?&Dua material and 



lime to-tto rdaotion vaa&el to provide a C&Q/S10 2 aol patio 
of O.I - 2*0 and a reaction modi-tins having a water to solids 



dontiicuousXy and' simultaneously with said feedlni"; of ttie 
..react ant & renioving the resulting reaction products from aaitf 
' react or- at a rate approxlisately equivalent to the rate of 
faotfi and rgtainiag" tte aqua«*a Mparts A wo o£ aaia waetants 
witbln v«4«el A reaction period of at Least about 
2Q.Mjtratea to effect substantial react ion" between the, 
reactive components, to form a hydratetf * calcium silicate* 

jN-. - A method of increasing the* bulk detiaity of hydro- 
thcr Daily prepared hydrated oalcXiwa allioata* wfclch coartfrisea ■• 
affecting initial*' contact Cf *illc*oua ana 11ms reactants at . 
a taupe ratur* of at leaflt 212?F* continuous addition of an 
aqtodoue suspension of reactive siliceous mater ial to an 
aqueoua suspension of XXme through continuous and aiciultaneou * 



:. 



contaht of about 9 - ?Q parts br/ weight of water 'per part of 
Solids', •inaiJiliainini'tJid reactive cairtents of aaid : vassal at 
a temp&r&tur* within the rang* of approximately 30© to 375*F. 



A 
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feeding of the siliceous end liifle suspensions to a hosted 



reaction veaseL to juaintaiu an uninterrupted ititroduotiun of 
gaid slllc-oaus reaatant Into the -said Ume react ant, propor- 
tioning the continuous feeding erf the naantants comprising 
vctter t siliceous- aiatoriaL and) liuio to the reaction vessel 
to provide & nol ratio of G.3 - 1»5 and a reaction 

medium having a vater to solids content of about 8 - 50 
parts by weight af water per part of solids, JOaintaining too 
reactive contents of said vessel at a temperature of at least. 
212*JV» contiiraouGly and simultaneously vith said feeding of , 
the reaotants removing- the resulting reaction products from. 
said reactor at a Kate approximately equivalent to the rata 
of- feed, and retaining . the aqueous suspension of said * 
react ants vlthiii said vessel, f & reaction period of at least 
'about 20 minutes to' effect substantial" reaction botveen the 
reactive qonLpojoejcfctti to faria a hydrated calcium silicate* 

-3?. A method of increasing the bulk density of hydro- 
' thermally prepared btfdrated cbIcIuhi silicates which comprises 
effecting initial contact of silica dua and ILma react ants at 
a temper afcure of at least 212* F. up to approximate 500*F t 
ay continuous addition of- an aqueous suspension of reactive- 
alLlceoas material to au aqueous suspension of lime through 
continuous and simultaneous feeding of the ailloeous and lijne 
; suspension* to a heated reaction vessel to maintain an 
uninterrupted ln.tr odueti on of. said siliceous reaotsri* into 
the said Hue ra&ctant, proportioning the continuous feeding 
of the reeotants comprising wate*, slLlceoua material and lircs 
to the reaction vessel to provide a CaO/SK> 2 mol ratio of 
: 0*3 1.5 and a reaction medium having a vater to solids 
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content of qfcout 0 - JO parte by weight of water per p&?t 
of solid*), maintaining tUe react Iv© ooatsnts of said vases! 
at e teflvperature- of at least 212° up to approximately fOO^E. 
continuously and gimultanaouaJLy *lfch a a id feeding of the 
react ants r erne? ins the resulting reaction products fx am a aid 
reaoter at a rate approximately equivalent to the rate of 
f«ed*j and retaining the- aqtfaws snapetfsiM* of said r€aotant3 
within ©aid vessel- for a reaction pariol of - at least about 
20 minutes to affect gubatantial reaction between the reactive 
components to form a hydirat'ed calcium a 111c fete « 

36, A method of increasing the balk density of hydro- 
fcfoarjaany prepared hydrated caloiufc silicates vhlch oeaaprieee 
effecting Initial ©ontaot of siliceous and lime .reaotants at: 
a- taiaj&arafeure .vifchin the ran*e- of approximately* 300 bb 3?5fF.V: 
by.eontlMe^a'iiddltii^ bp''m aqueous suspension of reactive 
•e'i;W.iaacft4e ^atefcial bo an aqueous suspension of 13-Ka through 
bofifciiujioufi. and simultaneous. feeding erf the sillcaoua and lime 
.suspension* to a- heated reaction- vassal-- to maintain dn. 
uninterrupted introduction of said siliceous reactant into ■ 
the said lifts raaatantj proportioning the continuous feeding 
ef the r ea'ctaAtd comprising water, flilioeoue material and 
iJUae to the reaction vessel to provide a CaO/Si0 2 aol ratio 
of 1 0-3- - l.f and a reaction JMdiuiB having a water to solide 
content of about S - £0 parts by weight of water psr part of 
ftolida^ malntdinlng the- reactive contents of said- vessel at a 
temperature within the range of apuroxjjpataly 300 to 37?*^>i 
■continuously and gluaultaueouely with said feed Ins af the 
reectante removing the resulting reaction products from said 
realtor -at a rate approximately equivalent to the rate of 
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feod ? and retaining the aqueous suspension nf 4: aid r octants 
within said vessel for a reaction period af at least about 
2D minute* tcj effGBfc substantial Reaction batwefin the 
reactive components to form a hydrafced c&lciium silicate 

37*. A method of 1 increasing the bult density of hydro- 
tkarmLly prepared, hyd^ted gjaciutm silicates which comprises 
of fecting. initial contact of siliceous and liae reactants at 
a temperature of at L&ast 212* K«, by continuous Addition of an 
aqueous Biaapens ion of react Ivb silioeaup material to an 
aqueous suspension of Lime through continuous end simultane- 
ous fearing nf the silicaque and lima suspensions tD a heated 
yeaatlon vessel to maintain an uninterrupted introduction of 
said siliceous reaetant into the said lime react ant t : prop or- 
tianing the continuous fe*ains o< the *«&atants tcapriaing : . 
water, aillceous- jcaterial and lime to the reaction veeseL to 
provJLda » Ca^s^Og mol ratio of Oil - 2*0 aw3 a reaction 
u^aiw havine: a Tatar to $ elite content of about B - JO par** 
by weight of water per part of solids, maintaining tha 
reactive contents of said vessel at a temperature .of at least 
212°*., continuously ami sii&ultanecuely with said feeding of 
the reactaftts remwitis. thd resulting reaction products froa* 
said react ar at a fate approximately equlvalant H>o the rata 
of f*ad, and retaining the aqueous suspension of sail reaet- 
■ants within, said vessel for a reaction period of about 2. hours 
t.o effect substantial reaction tatweea tfce rea<itiv& crtntfon« 
ent* to form a hydrnted calcium silicate » 

i 33. A method of increasing the oultt drasity *t hydro- 
therjnally prepared caloiuni si lioatss. which c otapr.ifl as .©f f act- 
ing initial contact of allioaoua and licoe reactanta at a 
temperature of at least 212*F. up to approximately 5Q<f$* fry 
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continuous addition of an aqueous suspension ot raaotive 
siliceous roat&rlal to an aquaous suspension of Liras through 
aontiuuoue and sijaultaneoua fading of tha BiXicaouca and lima 
ausPGXtgio&B -to a ha at eel reaction vossol to maintain an 
uninterrupted introduction, ci said ililceous rsaetanfc Into 
tbe said lim& reactant, proportioning the continuous fading- 
of -tte raactauts comprising water * siliceous material stid 
lime to the' reaction veegftX to ptovddS a Ga0/SlO 2 mnl ratio 
af 0<3 to 1*5 ani & reaction medium having a bater to solids 
:d out ant ert about 6 « '50 1 parts *y weight u£ vafcsr" p«r part o* 
aolldii, maintaining the Tractive contants afsaid vaB*del at a 
temperature ■ of "at Least 313^ up to approbate*? £0O p F M 
biinfrinufcrtigly ana siaulianatiugljr with aaid reading of the 
^eadta'ht* removing ■ the Teatiltlng' re-action products from-ssid 
^a^&'-aa a* 't^.'^l$cv^1&}& *jjuival.TOt ■ '^p tb* rata'oi '* 
JFeejdf and retaining tiwt aqiifecouiB suspension of said raactants ^ 
'tfitftlti'"''*^ vessel for a* period of -about 2 hours to effect 
stioVfeantial r&eotion between the reactive* caapcnMts to form 
a* hydra tad oaloitta silicate i - 

■ .39 • "A mathed of increasing tbe- bulk daaaity of' hyaro- 
thermaliy prepared calcium silicates vhieh oomprJ.se a effect^ 
iw : i'6Wiai o<mtaot pi Vilioeous and lima raactanta at $. • ■ 
taspara'turft within the range of -approxioiataly 3^ to 375*^- 
,by continuous addition of an aqueftia suspension pjf wactiva 
Silioectas' roBtaJSlai to auoqWOUs suapanaion cf"UttA through' 
ocntiriucu* and aXmultaneerti* feeding of the aiiioaous and, liiae 
suspension* to a haafcad -reaction veaael to maintain an 
uninterrupted introduction of a aid ailieaoua- raactant into 
the 0&ld lime raactant, proportioning the continuous feedi*^ 
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of the reactants ccmpcrlging vater, aiLlGooue material and 




lime to t bus reaction vasseJfcto provide a CaJySifl^ jhqI ratiu j • ' • 

of 0*3 to 1*5 and a reaction &edi«Q} ha-viag a water to solids 
content of about S - 50 parts by weight of water per part of 
solids, maintaining the reactive content 3 of said vfia&al at 
& temperature within the range of 300 to 375"?., continuously 

: 

and simultaneously with said foeding of the react ajats- ramo*** 

ine the re suiting r exertion product a from said reactor at a 

rata .approximately equivalent to the rate of feed, Aral retain* 

ing the aqueoue suspension of said reaotanta within sai< \ 

vessel for a parlod aZ about 2 hours to effect substantial 

ration between the reaotive coznpeirants to form a hydrated 

iiarn silicate* - " 

• fcO* A- method of hydrotharJUaliy preparing hydrate calcium . 



ii \ silicates having a bulk density of at least approximately 10 

a lUe*,.,per cm ft* which oauprlsBg effecting Initial, contact of 

. : ailice&u* sutd. lime reactanta at a tsiiiperature within the range 




of approximately ^300 to 37S*F* try continuous addition of an, 
aipiefius suspension of reactive silioooua material to an 



aqueoua suspension of liae through, oontlwjeua anA simultaneous 
feeding of the siliceous and lime suspension* to a heated 



react! pfi vetsel to mint ad* an uninterrupted .introduction uf 
3*14 siliceous re act &nt into the said It toe reactantf propor- 
tioning the continuous feeding of the react ants comprising 



water, ^HloeoUB material an£ Lime to the reaction vessel to 
provide" a CeO/SiOg inpl ratio of 0-3 to 1*5 and a reaction 



medium having a wate* to -solids content of about 8 - 50 jpart? 
by vei^ht of tcate* per part of 3 olid* t maintaining the reactive 
contents of said veasol at a temperature vitbin the range of 
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300 to 375°P-j continuously and simultaneously with g^P4 
Ceding of fciio ^sctante rettovlnfi the resulting reaction pro- 
ducts frorR said reactor at a rata approximately equivalent 
to the Rata <?f feed, sndl retainitije the aqueous suspension of 
said raactants. vithln said vogaGl fof 9 paxicd t>£ about 2 
hours ti> effect subetautial reaction between the reattivfl 
compiiti^nts to forts a hydr&ted, oaloium silicate. 



hi. A hyarofchermaL metho:l of p^eparin^ a calcium silicatE 
hydrate I product with increased bulk density tftiletk' comprise 
effecting initial contact of siliceous and liDie react ante at 
a temperature of at least 2X2*5* r by adding an aqueoto* auepen- 
si on of raactiva rfiatomaceflUft earth to an aqueoua audpenaion 
of lioie, proportioning the re&etanid comprising witter and 
said suspensions or re active diatocmace-ous earth and Li&e to 
provide a Ca0/SlO2 mol ratio of 0,1 - 2.0 asjd a reaction 
Medium having a. water to solids content of about 8 - 50 parts 
■by weight of water j>er part of solids } JuairntalBin^ tbs 
aqueous suspension of cUatoMaceous' ^ reaotantfl 

at & tejuperature of 212 to 3?0*F. for a reaction period of at 
leaat about 20 mimfce* up to approximate Iky ^ hours to affeat 
substantial reaction toetwecn the reactive components to f oral 
calcium silicate- hydrate I- 

A hydrotherraal method of prspaxinfi a bydxated calcium 
eilicat* product bavins toa fapmula 2CaO ^8102.1- 2* 5^2° wlth 
increased bulK density wtU-oh coenprises effecting initial con- 
tact of silioenu* and Uine re ac taut a at a tempera toe of at 
l«aet 2X2°J^» by adding an aqueous suspension of reactive 
aiatonaceoua earth to an aqueous suspension of LinS) propor- 
tioning the reactanta comprising water and said suspensions 
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oJt I'eautiiva diatoiaaceous a^rth. and. liait* to provide a UaO/ 
SJG2 iboI ratio ctf 0*1 - 0-? and a reaction nuadlma having a 
wate* tD solids uontaat of about 8 - ?0 parts fry weight of 
Witter per part of solids, maintaining the aqueous suspension 
of diatomaceouk] earth, and Ltoe reaotants at a temperature 
of at least about 370* F,. for a j?*B,&t:icai par led of at Least 
*atiOU-fc 20 minutes up to approximately 8*t hours -to Bifaet sub- 
stantia.! reaction between the reactive oempoftentB to f oi'ifi a 
fcr/dratea calcium siUc4$fi having the formula 2Ca0/33iO 2 *l- 

' ^3»*A Itfdrot&etinal iDOttttidG of preparing tbe hyd rated \ 
calcium silifcate atono-tllta vith luet eased bulk density 
which. cKnprities effecting initial eonUfit of siliceous and. 

' lime reactants at a teap$rature of at least 212° F- by adding 
an aqueous sua pans laa of reactiva .diat&teceoue earth to an 

■ aqueous suspension of Lime, proportioning the raactants 

• cofiipsciaing vatar atvd- said- suspensions of re&otive dia^D^ade- 
dus earth and lloia to provide a (?afi/Si02 mol ratio of 0.3 
to 1.5 and a reaction jaenium havifig a water to solids 
content of at out 8 - JO parta by ^ight of ™W per ' part 
oi* solids, maintaining the aqueous suspension of fcha tfis- 
tomae'&oug earth and lime "reaotante at a fceraperatuie of at 

' least 3?G 0 F. for axoaction. period at laast about SO 
flinUtee xip to approximately 2^ hours to effect substantial 
reaction tetwasa the reactive o-ompeif&xit* t* xonotlite. 

A %tfdrat&d caloim&i sllicata product comprising 
discrete particle*, at least 5D£ at vnicsh ara greater than 6 
microns and having a bulk density of at least 10 Lbs. per 
ott« ft« and vet o&ke density of at least lh Ids* per ou* ft*, 
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said calciuia silioate consisting of the tydrpt henna L reaction 
product of affecting initial contact of eilli.cootm ana lira* 
reactants at a teiituerature of at Ua*t 212*F.,by adding an 
aqueous suspension of reactive allic&ous material to an 
aqueous auBpeneXon of lime, proportioning tha roactatrta 
comprising water and saJd suspensions* of raactlva siliceous 
material adO. iijns to pxovlds a CaD/8102 tnol ratio of 0*1 - ■ 
2.0 and a reaction madium having a water to solids content 
of about S - ?£> parts .by wight of w*t«r per paft of epiXds, 
maintaining the aqueous s unpens loae of the ailf-ceous and 
lime raaotants at a temperature of at Uast 3l2*l\ fw a 
reaction pa^io* af at least about 20 GQinHtes to effect sub- 
stantial reaction oetwoan the components* . 

A grated calcium silicate product comprising 
discrete particles at least of ublch aTe greater than & 
ale* tore and having a bulk density of at ltaat 13 lbs* £ie* 

ft. and a vet ctaka ftensity of at least 1)5 per cu« . 

fW, said calcium silicate canoi&Uns of the h^drotiwrcnal 
react ion product of affecting initial oontaot of siliceous 
and lima reaotanta at a- temperature of at least 2l2 p F. try 
acntjnuouB addition of an aqueous suspension of «*aetlv« 
siliceous n ate rial to an aqueous, suspension of lime through 
©ontinuoue and simultaneous feeding of the siliceous and 
liro* auapansion* to a tuta/bed tfaaqtion Vessel to tointain an 
uniirterrupted introduction of said silica otia. roattant into 
the said lirae reactant, proportioning the continuous and 
iiMUltanaoua faecUng of tba raacftants campr-leing watsr, 
siliceous material aniS lliae to the reaction vosael to pro- 
vide a CaO/Slfl£ raol. ratio of 0*1 - 2,0 and a reaction medium 
having a wator to $ o lid* content of all out 8 - JO parts fry 
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weight of water jier part of solids, cnaliita±ti2ijg the 
areaetiye cent ants uf dald vessel at & temperature of at 
least Sl^F,, oontinuousXy acid &ini(Ultan&ou*l^ with said 
fading of tha raaotanta remavit*g ths resulting taction 
products JTrcm salt* reactor at a rate OFP^otfiE&t&ly equi- 
valent the rate of faetfj. and retaining the aqueous 
suspension of sa Jd raaofcaat? within said vassal for ft 
reaction jporiog of at Xdafct about SO raiiratea to off Got 
substantial re-action between the r ©Active coenpenan'ts* 
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